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Abstract: Novel Schiff base metal ion complexes of Manganese (II), Nickel (II), Copper (II), Zinc
(IT), Platinum (II) and Palladium (II) were synthesised via a condensation reaction between 3-
amino-1,4-benzodioxine -2-carbaldehyde , and 3-aminopyridin-2-ol yielding the ligand 3-{(2)-[(3-
amino-1,4-benzodioxin -2-yl) methylidene]amino}pyridin-2-ol The resulting complexes were
characterised using various spectral techniques, including Fourier Transform Infrared (FTIR)
spectroscopy, Ultraviolet-Visible (UV-Vis) spectroscopy, Thermogravimetric/Differential Thermal
Analysis (TGA/DTA), and Mass Spectrometry. Conductance measurements, magnetic
susceptibility, and metal content estimations were also performed to assess the physicochemical
properties of the complexes.
The experimentally determined molecular mass of the Schiff base closely matched its theoretical
value, confirming successful synthesis. Fourier Transform Infrared (FTIR) spectroscopy confirms
the coordination of the ligand to the metal ions through the imino (>C=N), metal-oxygen (M-0),
and metal-nitrogen (M—N) functional groups. Thermal analysis further verifies the presence of two
coordinated water molecules attached to the metal center. Upon heating, these water molecules are
eliminated, ultimately leading to the formation of the corresponding metal oxide. UV-Vis spectral
analysis revealed that all complexes were coloured, except for the Zinc (II) complex, which
appeared colourless. Parameters such as the nephelauxetic effect, covalence factor (b'?), and
percentage covalency (8%) were calculated, indicating that the complexes exhibit covalent
character. The central metal ions possess a coordination number of eight, and the ligand acts as a
bidentate donor. Finally, the antimicrobial activities of the synthesised Schiff base and its metal
complexes were evaluated.
Keywords: Schiff base, Metal ions, FTIR, Ultraviolet—Visible, Mass, TGA/DTA
Introduction: Schiff base ligands have attracted considerable attention from researchers due to
their diverse physicochemical properties and versatile structural frameworks [1-2]. These features
have led to extensive exploration of their potential applications. Their structural flexibility allows
Schiff bases to function effectively as asymmetric and stabilising agents for metal complexes across
various oxidation states [3-4]. Moreover, Schiff bases play a pivotal role in modulating metal
reactivity in numerous catalytic and transformation processes. The presence of nitrogen and oxygen

donor atoms facilitates the formation of stable tetradentate complexes [5-6]. Notably, certain azo-
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azomethine metal complexes exhibit promising photophysical properties and energy transfer
capabilities, making them valuable in technological applications. Their thermochromic,
photochromic, and electroactive properties, along with chemical stability [7-8], render Schiff base
compounds suitable intermediates for a wide array of functional materials.

Comprehensive reviews have highlighted the significance of their metallo-organic chemistry,
particularly in influencing biological activity and underscoring the catalytic role of metal centres in
biochemical pathways [9]. The planarity of the >C=N- group, coupled with the bonding orbitals of
electronegative atoms, enhances electron delocalisation and adsorption onto metal surfaces. These
electronic attributes contribute to the efficacy of Schiff base metal complexes as corrosion
inhibitors for mild steel [10-11]. Kargar and co-workers successfully synthesised tetradentate Schiff
base ligands and their corresponding metal complexes using methoxy salicylaldehyde and
substituted phenylenediamine [12]. Their findings revealed that these complexes exhibit notable
catalytic efficiency. The growing relevance of Schiff base compounds can be attributed to the high
reactivity and facile synthesis of the azomethine (>C=N-) functional group, typically formed via a
temperature-regulated condensation reaction between a reactive carbonyl compound and a primary
amine [13-14].

While antimicrobial agents have proven effective against bacterial infections, the escalating issue of
antibiotic resistance necessitates the development of innovative molecular frameworks. Metal
complexes, particularly those derived from Schiff base ligands, offer promising avenues due to their
diverse activity profiles. These compounds have demonstrated significant potential across electrical,
pharmacological, and biological applications[15].

Recent advancements in computational chemistry, molecular modelling, and docking techniques
have accelerated the discovery of transition-metal-based systems. This progress has enhanced the
efficiency of electronic structure-property screening, facilitating the rational design of functional
metal complexes for targeted applications [16-17].

In this study, a new Schiff base ligand was synthesized from 3-amino-1,4-benzodioxine -2-
carbaldehyde , and 3-aminopyridin-2-ol yielding the ligand 3-{(Z)-[(3-amino-1,4-benzodioxin -2-
yl) methylidene]amino } pyridin-2-ol, followed by the formation of its metal complexes with Mn (II),
Ni (II), Co (1), Cu (II), Zn (II), Pt (IT) , and Pd(II) ions. The structural features of both the ligand,
and its complexes were systematically characterised. Additionally, their antimicrobial efficacy was
evaluated against selected bacterial and fungal strains.

Materials and Methods: The chemical compounds 3-amino-1,4-benzodioxine-2-carbaldehyde and
3-aminopyridin-2-ol were obtained from Sigma-Aldrich and used without further purification.

Metal chlorides and nitrates were obtained from SD Fine Chemicals and used as received.
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Synthesis of the Ligand: The ligand was synthesised by refluxing a 2:3 molar ratio of 3-amino-1,4-
benzodioxine-2-carbaldehyde and 3-aminopyridin-2-ol in 40 mL of ethanol. A few drops of glacial
acetic acid were added to facilitate the reaction, which was carried out under reflux using a water
condenser for two hours. When the complete reaction a coloured precipitate was formed. The

precipitate was subsequently filtered, washed thoroughly with ethanol, and dried in an oven at 55 °C.

X
Reflux
—_—  »
N/ Ethanol/A

3-amino-1.4-benzodioxine 3-aminopyridin-2-ol 3- {(Z) (3 amino- l 4 benzodioxin
-2-carbald;hyde -2-yl) methylidene]amino } pyridin-2-ol

Synthesis of Metal Complexes:

Schiff base metal complexes of Manganese(Il), Cobalt(Il), Nickel(Il), Copper(Il), Zinc(II),
Platinum (II) and Palladium(II) were synthesised using metal-to-ligand (M : L) molar ratios of 2:1,
2:3, and 1:3. a) In a round-bottom flask, 60 cm?® of Schiff base solution and 30 cm?® of metal chloride
or nitrate, b) In a round-bottom flask, 60 cm?® of Schiff base solution and 40 cm?® of metal chloride or
nitrate, and ¢) In a round-bottom flask, 60 cm? of Schiff base solution and 20 cm? of metal chloride
or nitrate, solution were combined and stirred vigorously on a hot plate with a magnetic stirrer. The
reaction mixture was then refluxed for approximately four hours with the addition of a few drops of
ethanol and aqueous ammonia to facilitate complexation. After refluxing, the solution was kept in a
dark place overnight to allow the formation of solid complexes. The resulting precipitates were
filtered and dried in a vacuum desiccator. Both the Schiff base ligand and its metal complexes were
found to be soluble in dimethyl sulfoxide (DMSO) and dimethylformamide (DMF).

Results and Discussion:

The synthesised ligand exhibits a sharp melting point and distinct colouration, similar to its
corresponding octahedral metal complexes. These complexes readily dissolve in solvents such as
DMSO and DMF. The calculated analytical values support the proposed structural formulations.
Metal content—Manganese (6.93%), Cobalt (7.39%), Nickel (7.37%), Copper (7.93%), Palladium
(12.60%), Platinum (II), and Zinc (8.148%) was determined using volumetric techniques and
atomic absorption spectroscopy (AAS), with AAS specifically employed for the quantification of Pt
(IT) and Pd (II). Molar conductance measurements in DMSO were performed using an Equi-
Tronics digital conductivity meter. The magnetic properties of the complexes were evaluated and
compared with established literature references [18-19], confirming their octahedral geometry. All
complexes exhibit neutral ionic molar conductivity. Table 1 presents the molar conductance,

magnetic moments, physical parameters, and relative coordination numbers (CN) for the complexes
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MnL2, NilL., CoL., Cul., PtL., PdL., and ZnL.. The magnetic and conductivity data further
substantiate the octahedral configuration of these metal-ligand systems.

Table -1: Analytical and Physical Data (* Experimental)

Complexes/Ligand | MP/DP°C | % Yield | C% N% M% Conductivity | pett BM

(C14H11N303) 114-117 | 73% 6245 | 15.61 |- - -
62.42% | 15.58* | -

[Mn(C2sH20N6Os6)] | 198-201 | 55% 56.86 | 14.21 [9.29 431 5.14
56.78* | 14.17* | 9.22%*

[Ni (C2sH20N6Os)] | 210-213 | 59% 56.50 | 14.12 |9.86 4.45 3.15
56.44* | 14.08* | 9.78%*

[Co(C2sH20N6Os)] | 221-224 | 52% 56.48 | 14.11 [9.90 4.59 4.52
56.42* | 14.05* | 9.78%*

[Cu(C2sH20N6Os)] | 217-220 | 65% 56.05 |14.01 |10.59 |4.71 2.14
55.98% | 14.92* | 10.47*

[Zn(CasH20N6Og)] | 212-214 | 62% 55.87 1396 |10.87 |4.83 Dimag
55.77* | 13.87* | 10.79*

[Pt(C2sH20N6Og)] | 242-245 | 52% 4597 | 11.49 |26.67 |4.92 -
45.77* | 11.31* | 26.49*

[Pd(C28H20N6Os)] | 251-254 | 55% 5231 [13.07 |[16.55 |4.99 -
52.18% | 12.91* | 16.38*

Infrared Spectra of Schiff Base and Complexes : The infrared spectra of the ligand and the metal
complexes were recorded. The infrared spectral bands of the free ligand and its metal complexes.
The possible peaks of Schiff's base in FTIR are: Phenolic OH on pyridin-2-ol contributes to a broad
hydrogen-bonded O—H stretch at 3420 cm™. The imine linkage (-CH=N-) [20] from Schiff base
formation yields a strong >C=N- stretch at 1635 cm™. The primary amine on benzodioxin
contributes -N-H stretches at 3244cm™'. Aromatic rings from both benzodioxin and pyridine
contribute characteristic >C-H and -C=C- vibrations at 1450cm™. Aromatic rings from both
benzodioxin and pyridine contribute characteristic >C—H and -C=C- vibrations at 1475cm™'. The
ether bridge in benzodioxin shows up in the fingerprint region at 1190cm.
The FTIR Spectra in the complexes are: The Phenolic -OH on pyridin-2-ol can deprotonate and
coordinate via oxygen. Disappearance or shift of O—H (phenolic) stretching indicates deprotonation
and coordination. Imine nitrogen (>CH=N-), strong donor to metal ions, and it’s shifted to from
1635 to 1618cm™. Amino group (-NHz) on benzodioxin, a potential donor depending on geometry
and steric, is shifted to lower frequencies, ranging from 0-25cm™'. Pyridine nitrogen excellent donor
to transition metals and forms a complex. The two bands observed for (M-N) bond at 570-575 cm~
' Jand (M-O) bonds in the range 490-495 cm™ respectively [21]. Two new broad bands for

coordinated water molecules are seen in IR spectra at 3440 cm™ and 3505 cm’! [22].
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Figure 2: FTIR of Mn(II) Schiff Base ligand complex
Table 2: FTIR of Schiff base ligand and metal complexes (in cm™")
L/Complexes vOH |vHC=N vH20 |vH:O0 |VvNH: |vM-O vM-N
(C14H11N303) 3440 1645 - - 3255 - -
[Mn(Ca8H20N606)] - 1618 3445 3490 3220 480 565
[Ni (C28H20N6Os)] - 1620 3435 3510 3222 482 570
[Co(C28H20N606)] - 1624 3448 3502 3224 475 568
[Cu(C28H20N6O6)] - 1628 3452 3498 3220 472 565
[Zn(C28H20N6O6)] - 1625 3447 3594 3218 478 563

Magnetic Properties and Electronic Spectra of Transition Metal Complexes: The Bohr

magneton (BM) serves as a fundamental unit for quantifying the magnetic field strength associated

with an electron. The magnetic moment (\mu) of a transition metal ion is determined using the

expression \/n(n+2)} BM, where n denotes the number of unpaired electrons [23-24]. Ions

possessing unpaired electrons exhibit paramagnetic, rendering them susceptible to external

magnetic fields. Elements of the first transition series typically form vividly coloured ions and

compounds due to their partially filled d-orbitals. Table 3 presents the magnetic moment values and
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electronic spectral data for complexes of Mn (II), Co (II), Ni (II), and Cu (II). These measurements
were conducted at room temperature in dimethyl sulfoxide (DMSO) at a concentration of 10° M
[25-26].

Mn (IT) Complex: The electronic spectrum revealed a single absorption band at 575 nm, attributed
to the ®Ajg — *T2(G) transition, indicative of an octahedral geometry. The observed magnetic
moment of 5.15 BM corroborates this structural assignment.

Co (II) Complex: A prominent absorption band at 587 nm corresponds to the *Ti(F)— *A2e(F)
transition in an octahedral field. The magnetic moment of 4.38 BM suggests the presence of three
unpaired electrons, consistent with an octahedral configuration.

Ni (II) Complex: The spectral profile exhibited three distinct bands at 445 nm, 520 nm, and 640 nm,
associated with the transitions 3A2s=>3Tag, *Ase(F)=> *Tig(F), and *Axg(F)=> 3Tie(P), respectively.
These transitions further affirm the octahedral stereochemistry of the Ni (II) complex. The magnetic
moment value indicates the octahedral geometry surrounding the Ni (II) ion, which is 3.18 B.M [28].
Cu (IT) Complex: The electronic absorption spectrum of the Cu (II) complex displays two distinct
bands at 610 nm and 650 nm, which correspond to the *B'8—2Eg and B 2By, transitions,
respectively. A magnetic moment of 2.04 Bohr Magnetons (B.M.) suggests the presence of a single
unpaired electron within an octahedral coordination environment. In contrast, Zn (1) complexes are
diamagnetic due to the absence of unpaired electrons and typically form colourless solutions,
reflecting their filled d-orbital configuration.

Table 3 : Electronic Spectra and Their Parameter

Complexes Bands (nm) B 1-B B 12 1 b!?2 5%
[Mn(C2sH20N6Os)] | 515 0.9665 | 0.0335 | 0.9831 | 0.0172 | 0.09151 | 1.7485
[Ni (C28H20N6O¢)] | 402,480,645 | 0.9740 | 0.0260 | 0.9869 | 0.0133 | 0.08061 | 1.3449
[Co(C28H20N6O6)] | 422,620 0.9675 |0.0325 | 0.9836 | 0.0168 | 0.09014 | 1.6950
[Cu(C28H20N6O6)] | 610,650 0.9745 |0.0255 | 0.9871 | 0.0131 | 0.07984 | 1.3237
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Flgure 5: UV-VIS of Mn (II) Complex Figure 6: UV-VIS of Cu(II) Complex

VOL 56 : ISSUE 11 - 2025 PAGE NO: 89



JZU NATURAL SCIENCE || ISSN : 1671-6841 https://naturalscience.fyi/

Thermal analysis: Thermogravimetric (TGA) and differential thermal analysis (DTA) data for the

complexes [Co(C28H20N6Os)],[Pd(C28H20N6Os)] indicate that both compounds exhibit thermal

stability at ambient conditions and undergo multi-step decomposition. The observed mass losses

correspond to both endothermic and exothermic transitions [27].

[Co(C2s8H20N6O6)] complex:

o The initial weight loss, occurring between 50°C and 205°C, is attributed to the release of two
coordinated water molecules along with partial degradation of the chelate structure. The
experimental mass loss recorded is 11.15% (10.85%), which aligns closely with the theoretical
prediction. This phase is marked by an endothermic peak in the DTA curve

e The decomposition is observed between 270°C and 325°C, with a corresponding experimental
weight loss of 18.14 % (17.94%), again consistent with theoretical values. An exothermic peak
in the DTA profile characterises this stage

e A major decomposition is observed between 330°C and 475°C, with a corresponding
experimental weight loss of 19.22 % (19.01%), again consistent with theoretical values

o At elevated temperatures ranging from 500°C to 900°C, the residue primarily consists of the

corresponding Cobalt (IT) oxide
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Figure 7: TGA/DTA of [Co(C28H20N6O6).2H20] Complex
e Thermal analysis of the Pt*>* complex reveals a four-step decomposition profile. The initial phase,

T L
100 ran

occurring between 50°C and 250°C, involves the release of two coordinated water molecules
along with partial degradation of the complex. The thermogravimetric curve indicates a mass
loss of 15.78% (15.50%), which closely matches the theoretical estimate. This stage is marked
by an endothermic peak in the differential thermal analysis

e The second decomposition step takes place between 255°C and 380°C, where fragments such as
CeéHaN are likely eliminated. This phase is characterised by an exothermic peak in the DTA
curve, suggesting significant structural breakdown

e In the third stage, spanning 400°C to 550°C, a substantial portion of the chelating ligand is lost.
The observed weight reduction is 21.12%, aligning well with the calculated value of 20.88%.

o Finally, in the temperature range of 560°C to 850°C, the residual material undergoes further

transformation, resulting in the formation of palladium m oxide.
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Figure 8: TGA/DTA of [Pd(C28H20N60¢).2H20] Complex
Mass Spectra of Schiff Base and Complexes: Mass spectrometric analysis of the ligands and their

in

corresponding metal complexes, recorded at ambient temperature, is summarised in the table below.
The calculated mass of the Schiff base is m/z =269.255, and the found mass is m/z = 269.245. The
calculated molecular ion peak for the Mn (II) complex is m/z = 627.47, while that of the Zn (II)
complex is m/z = 637.91. However, the observed peaks appear at m/z = 627.4 and 637.91,
respectively, indicating the presence of [M+1] species. These peaks affirm the proposed molecular
structures of the complexes. The appearance of multiple ion fragments in the spectra is attributed to
the stepwise fragmentation of the metal complex molecules, resulting from cleavage of internal

bonds and subsequent formation of various radical species, which give rise to additional prominent

peaks.
Table-4: Mass spectra of the Schiff bases and complexes
Ligand/Complex Expected m/z | Found m/z Peak assigned
(C14H11N303) 269.25 269.24 M
[Mn(C28H20N6Os).2H20] 627.47 627.43 M+1
[Ni (C28H20N606).2H,0] 631.23 631.21 M
[Co(CasH20N6O6).2H20] 631.46 631.43 M
[Cu(C28H20N60s).2H20] 636.08 637.04 M
[Zn(C238H20N606).2H>0] 637.91 638.90 M+1
[Pt (C28H20N606).2H20] 749.59 -
[Pd(C28H20N60s).2H>0] 660.93 - M
Figure 9: Mass of Schiff Base Figure 146: MEDISS Specfra of' an(“fI) Cbmﬁlex

VOL 56 : ISSUE 11 - 2025 PAGE NO: 91



JZU NATURAL SCIENCE || ISSN : 1671-6841 https://naturalscience.fyi/

2722 3724
12
2201
U W T Y

Figure 11: Mass spectra of Mn(II) Complex
Microbial activity: The antibacterial efficacy of the synthesised Schiff base and its metal (II)

I O

complexes was evaluated in vitro using the agar gel diffusion technique. The compounds were
tested against two Gram-positive bacterial strains, Bacillus subtilis and Staphylococcus aureus, as
well as two Gram-negative strains, Shigella flexneri and Pseudomonas aeruginosa[00]. Petri dishes
were incubated at 37°C for 24 hours immediately after inoculation. Antimicrobial activity was
assessed by measuring the diameter (in mm) of the inhibition zones. Comparative analysis was
performed against standard antibiotics to determine relative potency. Control experiments using
DMSO alone confirmed that the solvent exhibited no inhibitory effect on any of the tested bacterial
strains. All results were expressed as inhibition zone diameters and benchmarked against reference
drugs[28-30]
Table 5: Microbial activity of Schiff Base and Complexes

Schiff Base Mn (1) Complex Co(II) Complex NI(I)COMPLEX
30
16 25 30 25
- 19
13 15 b} 0
6 I 10 5 * I
4 . 10
5 0
0 0 ; .
& & > o ) & o 0
$ & & L &S N T o e
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Cu(II) Complex Zn(ll1) Complex Pt(II) Complex PdII) Complex
25 30 30 25
20 25 25 20
20 20
15 15
15 15
10 10
10 10
5 5 5 5
o o] o] o]
& & & & & & & & & & & & S & & &
@%:\Q c.\N\\ é‘\;\ AQ\Q‘J‘ Q;"’§ &?,\\ z\”‘%\ Q\Cg Qa%\)\:) %-?'\\ s ﬂ\g Q%‘:,e\ %-Yy é&é\ ‘c\eﬁg’
> Q¥ B > QY B <Y D ¥ =)
B Subtilis S Aureus S Flexenari P Aeruginosa
(C14H11N;05) 13 14 10 09
[Mn (C2sH20N6O6).2H20] 17 19 21 20
[Ni (C28H20N6O6).2H20] 19 24 21 25
[Co (C28H20N60O6).2H20] 15 20 24 25
[Cu (C28H20N6Os).2H20] 15 19 21 18
[Zn (C28H20N6Os).2H20] 19 25 21 20
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[Pt (C28H20N6Os).2H20] 23 27 25 21
[Pd (C28H20N606).2H20] 19 21 23 23
(10 & less: very weak; 10 & above: weak; 15 & above good, 20 & above: very good)

Conclusions: A novel Schiff base ligand, the 3-amino-1,4-benzodioxine-2-carbaldehyde, and 3-

aminopyridin-2-ol yielding the ligand 3-{(Z)-[(3-amino-1,4-benzodioxin -2-yl) methylidene]

amino } pyridin-2-ol was synthesized through the condensation of 2-amino-4-oxo0-4H-1-benzopyran-

3-carbaldehyde with 2-amino-3-bromophenol. This ligand acts as a neutral, monodentate

coordinating species via the nitrogen atom of the anilino group and the oxygen atom of the phenolic

hydroxyl group. Its metal complexes with Mn (II), Co (II), Ni (II), Cu (II), Zn (1), Pd (II), and Pt (II)
were successfully prepared and characterised using spectral techniques, magnetic susceptibility

measurements, molar conductance, and elemental analysis. The data confirmed a 1:1 metal-to-

ligand stoichiometry and indicated that all complexes are non-electrolytic in nature. Based on the

analytical and spectroscopic findings, the complexes exhibit an octahedral geometry. Furthermore,

antimicrobial assays revealed that the metal complexes possess enhanced antibacterial activity

compared to the free Schiff base ligand.
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